Tests of Weak Separability in Disaggregated Meat Products
Rodolfo M. Nayga, Jr. and Oral Capps, Jr.
Parametric tests of weak separability are conducted among twenty-one disaggregate meat products, using scanner data and the absolute price version of the Rotterdam model. The tests indicate that consumers neither select among various cuts or qualities of a particular meat type nor select among meat types of like quality. Four partitions of the meat products are examined; in each case, the hypothesis of weak separability is rejected.
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Many studies which test for separability in demand models have focused on broad and highly aggregated commodities (Swofford and Whitney; Jorgenson and Lau; Bieri and d e Janvry). For example, Swofford and Whitney conducted tests of weak separability across consumption, leisure, and money. Separability restrictions usually have been rejected in empirical work, due perhaps to the use of broad commodities and to the nature of market-level data. In fact, Pudney states that "the empirical fruit of the theory has been disappointing, but possibly only because it has generally been applied at the wrong level of aggregation" (p. 561).
Moreover, because of the degree of aggregation, a considerable amount of information about the demands for disaggregated commodities is potentially lost. Some information on appropriate grouping patterns, for instance, could be extracted by employing a lower level of aggregation (Pudney) . Using separability tests, Eales and Unnevehr, and Pudney suggest the importance of developing models for disaggregated commodities to obtain a fuller underRodolfo M. Nayga. Jr. is assistant professor in the Department of Agricultural Economics and Marketing. Rutgers University. Oral Capps, Jr. is Weak separability is a key concept in empirical work because it is a necessary and sufficient condition for two-stage budgeting (Deaton and Muellbauer) . We deviate in two ways from previous studies which focus on weak separability: (a) we consider separability among various groups of disaggregated meat products, and (b) we use scanner data. Our study will allow us to better understand how consumers make decisions concerning purchase patterns of meat expenditures. For instance, do consumers select among various cuts or qualities of a particular type of meat and/or among meat types of like quality? Eales and Unnevehr show that consumers choose among meat products rather than among meat aggregates of a particular animal origin. Consequently, they suggest that a full understanding of meat demand requires analysis of a disaggregated products model. There is no logical difficulty in imposing separability of closely related goods; separability does not imply that between-group responses are necessarily small, only that they conform to a specific pattern.
Scanner data constitute a source of productspecific information. Traditionally, demand system analyses have generally depended on aggregate annual, quarterly, or monthly time series data of purchases and prices. Such data, however, typically are too general for productspecific decision-making. On the other hand, quantity, price, and hence expenditure information on a multitude of products are available daily from scanner data. Scanner data, therefore, permit a focus on shorter time intervals and allow an analysis of more disaggregated food commodities. Scanner data are not without limitations, namely: (a) the sheer volume of information, (b) the absence of demographic information, and (c) the availability of information only for food eaten at home (Capps and Naygal.
Separability
Separability, conceived independently by Leontief and Sono, is a relative concept whose frame of reference is some partition of the commodity set into mutually exclusive and exhaustive subsets. Separability conditions require the marginal rates of substitution between certain pairs of commodities to be functionally independent of the quantities of certain other commodities. Such conditions reduce the number of parameters that enter the family of demand functions and make estimation of the parameter space more feasible. In practice, however, it is next to impossible to look upon marginal utilities to determine the nature of separability. If separability restrictions are inconsistent with the true preference ordering of the representative consumer, empirical estimates of structural demand parameters are invalid. Thus, it is worthy to consider tests of separability.
Separability can also be used to justify commodity aggregation. For instance, goods belonging to a group may be aggregated if the
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direct utility function is weakly separable. The stronger condition of homothetic weak separability of the direct utility function, however, is required when the objective is to arrive at a legitimate commodity aggregation and when a single price index is desired for each aggregate commodity (Moschini and Green) . Separability types include symmetric and asymmetric separable structures (Blackorby, Primont, and Russell 1978) , weak or strong separability, separability of the cost function (quasi-separability), separability of the direct or indirect utility function, separability of an implicit representation of the direct utility function (direct pseudoseparability), and separability of an implicit representation of the indirect utility function (indirect pseudoseparability). Several demand studies have considered tests of these assumptions (Blackorby, Primont, and Russell 1977 
Rotterdam Model
Our analysis centers on the absolute price version of the Rotterdam model (Theil) , which may be written as
In this model, wi corresponds to the expenditure share of the ith commodity in time period t; q, denotes the quantity of the ith commodity in time period t ; and p, corresponds to prices in time period t.
In empirical applications, log differentials are approximated by log differences. Consequently, the Rotterdam model cannot be considered as an exact representation of preferences unless restrictive conditions are imposed. Nevertheless, the Rotterdam model is a flexible approximation to an unknown demand system (Barnett, Mountain) . This model necessitates the use of classical restrictions so that the estimates of demand parameters conform to theory.
Table 1. Fresh Meat Products Used in the Analysis
Beef Pork Brisket (3) Chops (13) Chuck (9) Ham (60) Ground (9) Spare ribs (7) Loin (23) Roast (5) Rib (1 1) Loin (11) Round (14) All other All other
Pork ( Chicken (24) Turkey Lamb (14) Veal (18) Breast (15) Parts (8) All other Turkey (26) Note: Parenthetical numbers correspond to the number of products in the respective category.
Restrictions on the Rotterdam model are
and ni,= nij (Symmetry).
Operationally, when estimating demand systems, one equation must be omitted to avoid singularity of the variance-covariance matrix of disturbance terms. Through the classical constraints, the demand parameters associated with the omitted equation are subsequently recovered. The Rotterdam model is estimated using Zellner's seemingly unrelated regression procedure (1962, 1963) with homogeneity and symmetry restrictions imposed.
Data
Scanner data from a retail food firm in Houston are aggregated to form weekly time series observations from September 1986 to November 1988. Importantly, the retail food firm caters to relatively high-income customers. We base our study on point-of-sale purchases. Individual fresh meat products are 366 in number. These products were aggregated to form twenty-one disaggregated meat products (table 1) . Parenthetical numbers correspond to the number of products in the respective category. Individual cuts in these product categories are available from the authors.
To obtain the quantities of the various fresh meat products in table 1, we sum the respective quantities in the commodity group. The corresponding prices are weighted averages of the prices in the particular commodity group. The weights correspond to the quantity shares of each product in the relevant group. Quality effects may result from commodity aggregation (Houthakker; Cox and Wohlgenant) . Although the use of these implicit prices potentially limits the analysis, quality effects attributable to commodity aggregation could be assumed negligible given that the meat products in question are relatively homogeneous.
Mean expenditure shares, quantities, and prices of the disaggregated meat products are exhibited in table 2. Ground beef and other chicken are the most important items in terms of purchases per 1,000 customers, at 169 pounds and 102 pounds respectively. The least important commodity group is veal, with purchases of only about two pounds per 1,000 customers on average. Purchases per 1,000 customers for roast pork, other pork, turkey parts, other turkey, and lamb are less than ten pounds on average. Ground beef, ham, beef loin, and chicken breasts comprise about 50% of the total dollar sales of meat products. None of the remaining individual seventeen commodities comprise more than 7% of dollar sales.
In terms of prices, veal is the most expensive item ($6.92 per pound on average) while turkey parts ($.98 per pound) and chicken parts ($1.01 per pound) are the least expensive commodities. Beef loin, rib, turkey breast, and veal are more than $4 per pound. Total meat expenditures per 1,000 customers are roughly $1,648 on average.
Tests of Weak Separability
Few studies, with the exception of Pudney, and Eales and Unnevehr, test the separability assumption within groups of meat products. Necessary and sufficient conditions for weak separability are that the intergroup off-diagonal terms in the Slutsky substitution matrix be pro- portional to the corresponding income derivatives of the goods in question. Following Goldman and Uzawa, if good i in group r is separable from good j in group s, then ( 3 ) Sij = 0, --for all i e r andj e s
(Z)(S)
where Sij is the appropriate element in the Slutsky substitution matrix, q's are quantities, and Or, is an intergroup coefficient which is a measure of the degree of substitutability between groups of goods. Using ( 3 ) for commodities i and k in group r and j in group s, then (4) and Nirepresents the expenditure elasticity of commodity i. Under the assumption of weak separability of the direct utility function, the ratio of compensated cross-price elasticities of two commodities within the same group ( r ) , with respect to a third commodity in another group ( s ) , is equal to the ratio of their expenditure elasticities. From ( 5 ) , this result implies, for the Rotterdam model, a nonlinear restriction on parameters nq,where i, k E r, and j E s. This restriction is given by
Operationally then, given such nonlinearity, the test for separability hinges on a x2 statistic with degrees of freedom equal to the number of restrictions. The number of restrictions depends on the partition of commodities into separable groups. The procedure commonly rests on either a Wald test or a likelihood ratio test. The key feature of (6) is that the separability restrictions hold not only locally but also globally. This result sets the Rotterdam model apart from other functional forms such as the translog and AIDS. Several a priori groupings of the disaggregated meat products are specified, based prima-rily on intuition, to test for weak separability (table 3). The first utility tree is partitioned based on animal origin. There are, therefore, six separable groups (beef, pork, chicken, turkey, lamb, and veal). The second utility tree is also partitioned based on animal origin, but poultry products (chicken and turkey) are combined into one group, and lamb and veal are combined into another group.
The third utility tree is partitioned based on quality meat products. The separable groups are "high-quality" meat products, "low-quality" meat products, lamb, and veal. The "high-quality" products are beef loin, beef rib, pork chops, ham, pork roast, pork loin, spare ribs, chicken breasts, and turkey breasts. The "lowquality" meats are brisket, chuck, ground beef, beef round, other beef, other pork, chicken parts, other chicken, turkey parts, and other turkey. This utility tree allows consumers to choose among disaggregated products of the same quality type across animal origin. The fourth utility tree is partitioned not only on the basis of quality but also on animal origin. The ten separable groups for utility tree 4 are: highquality beef, low-quality beef, high-quality pork, low-quality pork, high-quality chicken, low-quality chicken, high-quality turkey, lowquality turkey, lamb, and veal.
The number of nonredundant weak separability restrictions for any utility tree can be determined by where N is the number of products in the utility tree, S is the number of separable groups in the utility tree, and n, is the number of products in group s. For example in utility tree 1, the number of weak separability restrictions required is 153. In this case, N is 21; S is 6; n, is 7 (beef products); n , is 6 (pork products); n , i s 3 (chicken products); n, is 3 (turkey products); n, is 1 (lamb); and n, is 1 (veal). The (i, k, j) combinations or restrictions involved for utility tree 1, where products i and k are in group r and product j is in group s, are shown in table 4.
Commodity aggregation across the disaggregated meat products is not a concern here. Therefore, additional restrictions for homotheticity are not considered. Due to a lack of data, weak separability from all other nonmeat products is implicitly imposed.
To test restrictions in demand systems, it is common to use either the Wald test or the likeAmer. J. Agr. Econ. (Gregory and Veall) . The Wald test is based on a linearization of the nonlinear restrictions, and the linearizations may differ depending on how the nonlinear restrictions are represented algebraically. Also, the Wald test is not invariant with respect to the choice of the nonredundant separability restrictions (Moschini and Green) . To accommodate the likelihood ratio test, we need empirical estimates with the incorporation of the nonlinear restrictions. To accomplish this task, we need to impose about 120 to 150 nonlinear separability restrictions as 
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Note: The t's represent nonredundant tests.
Co~nbinations for utility trees 2, 3, and 4 are available from the authors upon request.
well as the linear homogeneity and symmetry restrictions (210 in number) for each utility tree considered. This procedure is not only very cumbersome but also quite tedious.
In addition, tests of restrictions in large demand systems are biased toward rejection, suggesting the need for a size correction of the test (Laitinen, Meisner) . Given this situation, a few studies (Moschini and Green; Anderson and Blundell) suggest that the critical value of the test should be increased to protect against overrejection.
Empirical Results
Econometric estimates and associated standard errors of the structural parameters in the Rotterdam model with homogeneity and symmetry restrictions imposed are available from the authors. Estimates of the compensated price elasticities as well as expenditure elasticities, subject only to the classical restrictions, are exhibited in table 5. All compensated own-price elasticities are negative and, except for other turkey (-0.719) , are in the elastic range. The own-price elasticities vary from -0.719 (other turkey) to -8.695 (brisket). Also, 78% of the compensated elasticities are positive, with nearly 50% statistically significant. Consequently, in line with a priori expectations, a majority of the commodities are substitutes in the Hicks-Allen sense. Only 22% of the compensated elasticities are negative, with roughly 5% statistically significant. All the expenditure elasticities are positive, ranging from 0.581 (pork chops) to 4.514 (brisket).
We employ likelihood ratio procedures to conduct the separability tests. The likelihood ratio test statistic is given by which follows (at least asymptotically) a x2-distribution with degrees of freedom equal to the number of restrictions. Quantities LL, and LL, denote the values of unrestricted and restricted log-likelihood functions, respectively. Since the models are heavily parameterized, it is worthwhile making a degrees-of-freedom adjustment to compensate for the known tendency of this statistic to overreject in large models (Laitinen, Byron) .
The adjusted statistic takes the form (9) W* = + T log (iT ; : ) 
Because this method aysurnes the budget shares are exogenous, the standard error? are only approximation? (Chalfant) . where n is the number of equations (21) and T is the number of observations (112) Results of the separability tests are exhibited in table 6. Econometric estimates and associated standard errors of the structural parameters in the Rotterdam model with symmetry and separability restrictions imposed are also available from the authors.' To protect against overrejection, weak separability tests are conducted at the 1% level of significance. With or without adjustments to the likelihood test statistics or to the corresponding critical values, the hypothesis of weak separability of all utility trees exhibited in table 3 are rejected at the 1% level of significance. The implication of our finding is that consumers who shop at this firm in Houston neither select among various cuts or qualities of a particular meat type nor select among meat types of like quality. This evidence is in contrast to the work by Eales and Unnevehr but consistent with the work by Pudney.
I Due to computational problems, we were not able to impose the homogeneity restrictions along with the symmetry and separability restrictions.
Concluding Remarks
This paper addresses the issue of using weak separability tests in arriving at appropriate groupings of disaggregated meat products in a demand systems framework. Four partitions of twenty-one meat products are examined and, in each case, the hypothesis of weak separability is rejected. Hence, in analyzing the demand for meat products in this firm, one may not focus solely on the demand for beef products, or on the demand for pork products, or on the demand for poultry products. Nor may one focus merely on the demand for either high-quality or low-quality meats. One must consider the demands for all types of meat products simultaneously.
Scanner data permit a focus on shorter time intervals (e.g., weekly), and they allow the analysis of disaggregated meat commodities. This paper documents the utility of scanner data in testing modern restrictions of demand theory and demonstrates the great promise of scanner data for market and research analysts.
We have not, however, covered all plausible groupings for a disaggregated model. Separability test results are conditional on the time frame used, on the sample of consumers examined, and on the untested assumption of weak separability from all other nonmeat products. Given that our analysis focuses on high-income consumers, it would be worthwhile to replicate it with consumers from other income classes and from other regions.
Most analysts who have employed parametric procedures to test for separability fail to account for the fact that tests results are noninvariant to functional form. Further work should center on the use of alternative demand specifications in parametric tests of separability, and on joint use of nonparametric and Parametric tests.
